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WO 97/40066 PCT/US97/06865

SUPPRESSION OF IMMUNE RESPONSE VIA
INHIBITION OF CATHEPSIN S

Related Applications

This application claims benefit of priority to U.S. Provisional Application No. 60/018,100

filed April 22, 1996.

Field of the Invention

The present invention relates to novel methods and products directed to

immunosuppression via the inhibition of cathepsin S. The methods and products may by

employed for the treatment of autoimmune diseases, as well as reducing the competency of class

II MHC molecules for binding antigenic peptides.

Background of the Invention

Class II MHC (major histocompatibility complex) cellular proteins (aP heterodimers)

associate early during biosynthesis with a type D membrane polypeptide, the invariant chain (Ii),

to form class II MHC/invariant chain complexes (ctpli). It has been reported that the invariant

chain associates with class II MHC molecules via direct interaction of residues 81-104 of its

lumenal domain, designated CLIP, with the antigen binding groove of class II MHC.

The invariant chain contains a signal in its cytoplasmic tail which delivers the class II

MHC/invariant chain complexes to intracellular endocytic compartments, where the class II MHC
molecules encounter and bind antigenic peptides. A prerequisite for antigenic peptide loading of

class II MHC molecules is the proteolytic destruction of the invariant chain from the class II

MHC/invariant chain complexes. Identification of the specific key protease responsible for this

proteolysis has not previously been reported. Proteolysis of the invariant chain allows the

antigenic peptides to bind to the class II MHC molecules to form class II MHC/antigenic peptide

complexes

The antigenic peptides in these complexes are then deposited on the cell surface for

recognition by CD4+ T cells. These T cells are involved in the production of cytokines and thus

help orchestrate an immune response, culminating in the appropriate production of antibodies

On occasion. CD4+ cells arc activated inappropriately and are believed to contribute to the

pathology of autoimmune disease.

WmvrE«EI0ULE28)
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Summary ofthe Invention

In one aspect, the present invention provides methods for inhibiting invariant chain

proteolysis from class II MHC/invariant chain complexes, reducing the competency of class II

MHC molecules for binding antigenic peptides, and reducing the presentation of antigenic peptide

5 by class II MHC molecules, by administering to a mammalian cell, in vivo or in vitro, an amount

of an inhibitor of cathepsin S effective to substantially inhibit proteolysis of invariant chain by

cathepsin S.

In another aspect, the present invention provides methods for modulating class II MHC-

restricted immune responses. Such immune responses are essential to autoimmune diseases,

10 allergic reactions, and allogeneic tissue rejections. Therefore, the present invention also provides

methods for suppressing class II MHC-restncted immune responses and, in particular,

autoimmune, allergic, and allogeneic immune responses, by administering to a mammal (e.g., a

human patient) a therapeutically effective amount ofan inhibitor of cathepsin S to reduce the

presentation of antigenic peptides by class II MHC molecules and, thereby, provide a degree of

15 relieffrom these conditions. In preferred embodiments, methods are provided for the treatment

ofautoimmune diseases including juvenile onset diabetes (insulin dependent), multiple sclerosis,

pemphigus vulgaris, Graves' disease, myasthenia gravis, systemic lupus erythematosus,

rheumatoid arthritis and Hashimoto's thyroiditis. In other preferred embodiments, methods are

providing for treating allergic responses, including asthma, and for treating allogeneic immune

20 response, including those which result from organ transplants, including kidney, lung, liver, and

heart transplants, or from skin or other tissue grafts.

The inhibitors of cathepsin S may be any molecular species which inhibit the transcription

of a cathepsin S gene, the processing or translation of a cathepsin S mRNA, or the processing,

trafficking or activity of a cathepsin S protein, when administered in vivo or in vitro to a

25 mammalian cell which is otherwise competent to express active cathepsin S. In particular,

inhibitors may be repressors, or antisense sequences, or competitive and non-competitive

inhibitors such as small molecules which structurally mimic the natural substrates of cathepsin S

but which are resistant to the proteolytic activity of the enzyme, or antibodies, ribozymes, and the

like Preferably, the inhibitors are cysteine protease inhibitors

30 In preferred embodiments, the cathepsin S inhibitors arc "selective" inhibitors of cathepsin

S which fail to inhibit, or inhibit tu a substantially lower degree, at least one of cathepsins K, I,. H.

02 and B, and in most preferred embodiments, the inhibitors are "specific" inhibitors of cathepsin
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S which fail to inhibit, or inhibit to a substantially lower degree, each of cathepsins K, L, H, 02

andB.

In addition, preferred inhibitors include peptide-based inhibitors which mimic a portion of

a naturally occurring cathepsin S substrate. Such peptide based inhibitors include peptidyl

5 aldehydes, nitriles, ct-ketocarbony!s, halomethyl ketones, diazomethyl ketones, (acyloxy)-methyl

ketones, vinyl sulfones, ketomethylsulfonium salts, epoxides, and N-peptidyl-O-acyl-

hydroxylamines. Preferred peptide-based inhibitors of cathepsin S also include those based upon

the sequences Leu-Leu-Leu, and Leu-Hph, such as Leu-Leu-Leu-vinyl sulfone,

N-(carboxybenzyl)-Leu-Leu-Leu-vinylsulfone, N-(nitrophenylacetyI)-Leu-Leu-Leu-vinylsulfone,

10 and morpholinurea-Leu-Hph-vinylsulfone phenyl (LHVS).

In another aspect, the present invention provides a new class of peptide-based inhibitors of

cathepsin S based upon the newly disclosed preferred chain cleavage site spanning from N-

terminally about positions 68-75 to C-terminally about positions 83-90 of the invariant chain

sequence. Thus, peptide-based inhibitors of cathepsin S based upon a sequence of 2-20, more

15 preferably 2-10, and most preferably 2-3 consecutive residues from within this site are provided.

Particularly preferred are peptide-based inhibitors of cathepsin S based upon the sequences Asn-

Leu, Glu-Asn-Leu, Arg-Met, and Leu-Arg-Met (positions 77, 78, and 79; or -3, -2 and -1 relative

to the Lysgo cleavage point) are preferably used as a basis for choosing or designing a peptide-

based inhibitor.

20 Thus, for example, the invention provides novel peptide-based inhibitors such as

vinyisulfones compounds including Asn-Leu-vinylsulfone, Arg-Met-vinylsulfone, Leu-Arg-Met-

vinylsulfone, and Glu-Asn-Leu-vinylsulfone. Modifications of these peptide vinyisulfones are also

included in the invention. For example, carboxybenzyl can be present at the N-terminal end to

give the following compounds: N-(carboxybenzyl)-Asn-Leu-vinyisulfone, N-(carboxybenzyl)-

25 Arg-Met-vinylsulfone, N-(carboxyben2yl)-Leu-Arg-Met-vinylsulfone, and N-(carboxybenzyI)-

Glu-Asn-Leu-vinylsulfonc. In an alternative, nitrophenylacetyl is present at the N-terminal end to

give the following compounds: N-(nitrophenylacety!)-Asn-Leu-vinyltiulfone,

N-(nitrophenylacetyl)-Arg-Met-vinylsulfone, N-(nitrophenylacelyl)-Leu-Arg-Met-vinylsulfone,

and N-(nitrophenylacetyl)-Glu-Asn-Leu-vinylsu]fone

W The invention is also meant to include other peptide based inhibitors based on the peptide

sequences of the preferred invariant chain cleavage site of cathepsin S. including peptidyl

aldehydes, nitriles, a-ketocarbonyls, halomethyl ketones, diazomethyl ketones, (acyloxy)-methyl

SflBSmmTSHOT (ROLE 28)
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ketones, vinyl sulfones, ketomethyisulfonium salts, epoxides, and N-peptidyl-O-acyl-

hydroxylamines, and those with various other substitutions at the amino terminus as would be

known to those skilled in the art.

Other embodiments of the present invention will be apparent to one of ordinary skill the

art from the foregoing and from the Detailed Description and Examples presented below.

Detailed Description

The present invention is based, in part, upon the discovery that the mammalian cysteine

protease cathepsin S is of primary importance in the proteolysis of invariant chain polypeptides

complexed to class II MHC ap heterodimers. In particular, it is herein disclosed that cathepsin S

appears to be responsible for the normal cleavage of the invariant chain polypeptide while it is

associated in class II MHC/invariant chain complexes and, therefore, that inhibition of cathepsin S

inhibits the proteolysis of invariant chain from class II MHC/invariant chain complexes and

inhibits the formation of class II MHC/CLIP complexes. Consequently, because class II MHC

molecules remain associated in class II MHC/invariant chain complexes, inhibition of cathepsin S

reduces the competency of class II MHC molecules for binding antigenic peptides and reduces the

presentation of antigenic peptides by class II MHC molecules.

Therefore, in one aspect, the present invention provides for methods for inhibiting

invariant chain proteolysis from class II MHC/invariant chain complexes, reducing the

competency of class II MHC molecules for binding antigenic peptides, and reducing the

presentation of antigenic peptide by class II MHC molecules, by administering to a mammalian

cell, in vivo or in vitro , an amount of an inhibitor of cathepsin S effective to substantially inhibit

proteolysis of invariant chain by cathepsin S.

In another aspect, because presentation of antigenic peptides complexed with class II

MHC molecules is essential to immune responses which are class II MHC-restricted, the present

invention also provides methods for modulating class 11 MHC-restricted immune responses Such

immune responses are essential In autoimmune diseases, allergic reactions, and allogeneic tissue

rejections. Therefore, the present invention also provides methods for suppressing class II MHC-

restricted immune responses and, in particular, autoimmune, allergic, and allogeneic immune

responses, by administering to a mammal (e.g., a human patient) a therapeutically effective

amount of an inhibif.oi of cathepsin S to reduce the presentation of antigenic peptides by class 11

MHC molecules and, thereby, provide a degree of relief from these conditions

mtmtmmw
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The present invention is further based, in part, upon the discovery that cathepsin S

normally acts on class II MHC/invariant chain complexes at one oftwo, nearly adjacent, preferred

invariant chain cleavage sites. In particular, it is herein disclosed that human cathepsin S normally

cleaves the invariant chain at the peptide bonds C-terminal to residues Arg^ and LysM of the

invariant chain sequence (SEQ ID NO: 1)

Therefore, in another aspect, the present invention provides for a new class of peptide-

based inhibitors of cathepsin S. These peptide-based cathepsin S inhibitors are based upon the

amino acid residue sequences immediately surrounding the cleavage sites which are recognized,

bound, and cleaved by cathepsin S (e.g., residues 68-90, or 73-85 ofSEQ ID NO: 1). The

peptide-based cathepsin S inhibitors may be actual peptides or, more preferably, peptide

derivatives or modified peptides which retain sufficient structural similarity to the natural

substrate to retain binding activity, but which may be structurally modified to render them non-

competitive inhibitors or to otherwise enhance their stability.

Preferred embodiments and exemplifications of the present invention are described in

detail below.

I. Definitions

In order to more clearly and concisely describe and disclose the subject matter of the

claimed invention, the following definitions are provided for specific terms used in the

specification and appended claims.

As used herein, an "inhibitor of cathepsin S" is any molecular species which inhibits the

transcription ofa cathepsin S gene, the processing or translation of a cathepsin S mRNA, or the

processing, trafficking or activity of a cathepsin S protein, when administered in vivo or in vitro to

a mammalian cell which is otherwise competent to express active cathepsin S. Thus, for example,

the term "inhibitor of cathepsin S" embraces a repressor which inhibits induction and/or

transcription of the cathepsin S gene, or an antisense sequence which selectively binds to

cathepsin S DNA or mRNA sequences and which inhibits the transcription or translation of the

cathepsin S sequences. Similarly, the term "inhibitor of cathepsin S
M
includes competitive and

non-competitive inhibitors of the activity of the cathepsin S protein, such as small molecules

which structurally mimic the natural substrates of cathepsin S but which are resistant to the

proteolytic activity of the enzyme. Although an inhibitor of cathepsin S may have some degree of

inhibitory activity for other genes or proteins which are structurally or functionally related, the

SUBSTITflTt SHEET (RULE2D
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term "inhibitor of cathepsin S
w
is not intended to embrace non-selective suppressors of all gene

expression or protein synthesis, or general toxins (e.g., transcription blockers such as actinomycin

D, and a-amanitin; protein synthesis inhibitors such as puromycin, cycloheximide, and diptheria

toxin).

5 As used herein, a "cysteine protease inhibitor" is any molecular species which inhibits one

or more of the mammalian enzymes known as cysteine proteases and, in particular, which inhibits

cathepsin S. The cysteine proteases, which are also known as thiol or suHhydryl proteases or

proteinases, are proteolytic enzymes with active site cysteine residues which act as nucleophiles

during catalysis. Cysteine proteases include papain, calpain I, calpain II, cruzain, and cathepsins

10 S, K, L, H, 02 and B. (Note that cathepsin D is an aspartyl protease.)

As used herein, a "selective inhibitor of cathepsin S" is any molecular species which, as

defined above, is an inhibitor of cathepsin S but which fails to inhibit, or inhibits to a substantially

lower degree, at least one of cathepsins K, L, H, 02 and B. In preferred embodiments, a selective

inhibitor of cathepsin S is employed which has a second order rate constant of inactivation or

15 inhibition for cathepsin S which is at least twice and, more preferably, five times higher than the

corresponding rate constant for at least one of cathepsins K, L, H, 02 and B. Most preferably, a

selective inhibitor of cathepsin S has a second order rate constant of inactivation for cathepsin S

which is at least an order ofmagnitude or, most preferably, at least two orders of magnitude

higher than its inactivation rate constant for at least one of cathepsins K, L, H, 02 and B. As

20 used herein, the term "second order rate constant of inactivation" is intended to mean that

quantity as known in the art, and represented as lwi/Ki or as k2/Kj. See, e.g., Bromine et alM

B iol. Chem. 375:343-347 (1994); Palmer et al., J. Med. Chem. 38:3 193-3 196 (1995); Bromme et

al., Biochem. J. 3 1 5: 85-89 (1 996)

As used herein, a "specific inhibitor of cathepsin S" is any molecular species which, as

25 defined above, is an inhibitor of cathepsin S but which fails to inhibit, or inhibits to a substantially

lower degree, each of cathepsins K, L, H, 02 and B In preferred embodiments, a specific

inhibitor of cathepsin S is employed which has a second order rate constant of inactivation for

cathepsin S which is at least twice and, more preferably, five times higher than the corresponding

rate constants for each of cathepsins K, L, H, 02 and B. Most preferably, a specific inhibitor of

30 cathepsin S has a second order rate constant of inactivation for cathepsin S which is at least an

order of magnitude or, most preferably, at least two orders of magnitude higher than its second

order rate constants for each of cathepsins K, L, H, 02 and B.

SUBSTITUTESBSW 2®
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As used herein with respect to class II MHC-restricted immune responses, "suppressing"

means reducing in degree or severity, or extent or duration, the overt manifestations of the

immune response including, for example, reduced binding and presentation of antigenic peptides

by class II MHC molecules, reduced activation ofT-cells and B-cells, reduced humoral and cell-

5 mediated responses and, as appropriate to the particular immune response, reduced inflammation,

congestion, pain, or necrosis. "Suppression" of an immune response does not require complete

negation or prevention of any of these manifestations ofan immune response, but merely a

reduction in degree or severity, or extent or duration, which is of clinical or other practical

significance.

10 As used herein with respect to inhibitors of cathepsin S, the terms "peptide-based" and

"non-peptide-based" do not mean that an inhibitor does, or does not, comprise a peptide or

polypeptide, but that the structure ofthe inhibitor is based upon, or is not based upon, the

structure of a polypeptide sequence which binds as a substrate in the active site of cathepsin S.

15 II. Inhibition of Invariant Chain Proteolysis. Antigen Binding, and Antigen Presentation

As noted above, and as evidenced in the examples below, cathepsin S is believed to be

important to normal proteolytic processing ofthe invariant chain. Therefore, in one aspect, the

present invention provides methods for inhibiting invariant chain proteolysis from class II

MHC/invariant chain complexes in mammalian cells, in vivo or in vitro , by administering an

20 inhibitor of cathepsin S to the cells. As a result of the inhibition of cathepsin S, proteolysis of the

invariant chain from class II MHC/invariant chain complexes within the cells is also inhibited.

Furthermore, under normal physiological conditions, inhibition of the proteolysis of the

invariant chain inhibits formation of class II MHC/CLIP (also referred to as ap-CLIP) complexes

Therefore, as class II MHC/CLIP complexes are more readily loaded with antigenic peptides than

25 class II MHC/invariant chain complexes, the inhibition of cathepsin S and consequent inhibition of

MHC/CLIP complex formation reduces the competency of class II MHC molecules for binding

antigenic peptides Therefore, in one aspect, the present invention provides methods for reducing

the competency of class II MHC molecules for binding antigenic peptides in mammalian cells, in

vivo or in vitro , by administering an inhibitor of cathepsin S to the cells. As a result of inhibition

30 of cathepsin S, proteolysis of the invariant chain is inhibited, formation of class II MHC/CLIP

complexes is inhibited, and the competency of the MHC molecules to bind antigenic peptides is

reduced.

SUB§TfT0TE8BfflWZ6)
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Similarly, under normal physiological conditions, inhibition of the proteolysis ofthe

invariant chain inhibits the loading and presentation of class II MHC molecules with antigenic

peptides. Thus, as class II MHC/CLIP complexes are more readily loaded with antigenic peptides

than class II MHC/invariant chain complexes, the inhibition of cathepsin S and consequent

5 inhibition ofMHC/CLIP complex formation reduces the loading and presentation of antigenic

peptide by class II MHC molecules. Therefore, in one aspect, the present invention provides

methods for reducing the presentation of antigenic peptides by class II MHC molecules in

mammalian cells, in vivo or in vitro , by administering an inhibitor of cathepsin S to the ceils. As a

result of inhibition of cathepsin S, proteolysis of the invariant chain is inhibited, formation of class

10 II MHC/CLIP complexes is inhibited, and the loading and presentation of antigenic peptides by

class II MHC molecules is reduced.

When employed with mammalian cells in vitro , such methods have utility in preventing the

loading ofMHC molecules with antigenic peptides and in the production of empty MHC
molecules. EmptyMHC molecules have utility for subsequent loading and use as analytical,

15 diagnostic and therapeutic agents. Alternatively, by exposing such cells in culture to high

concentrations of desired antigenic peptides, or precursors of such peptides, a large proportion of

MHC molecules loaded with the desired peptides may be produced. Class II MHC molecules

selectively loaded with particular peptides also have utilities in analytical, diagnostic and

therapeutic applications.

20 In these methods, an inhibitor of cathepsin S is administered to, provided to, or contacted

with the cells in any manner which allows the inhibitor to enter the cells and inhibit cathepsin S.

When employed in vitro, the inhibitors are typically added to the cell culture medium, although

microinjection may be employed if desired. When employed in vivo , the inhibitors may be

administered as described below in relation to the therapeutic methods.

25 III. Suppression of Class U MHC-Restricted Immune Responses

As noted above, and as evidenced in the examples below, cathepsin S is believed to be

important to important to normal class II MHC-restricted immune responses in mammals.

Therefore, in one aspect, the present invention provides methods for suppressing class II MHC-

restricted immune responses in mammals by administering an inhibitor of cathepsin S to the

30 mammal. As a resu't of cathepsin S inhibition, the proteolysis of invariant chains, formation of

8BBSTITB1E SHEET 0U8£ 28|>
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class II MHC/CLIP complexes, and loading and presentation of antigenic peptides are inhibited

and, therefore, class II MHC-restricted immune response is suppressed.

In one series ofembodiments, the methods are employed to treat mammals, particularly

humans, at risk of, or afflicted with, autoimmune disease. By autoimmunity is meant the

5 phenomenon in which the host's immune response is turned against its own constituent parts,

resulting in pathology. Many human autoimmune diseases are associated with certain class II

MHC-complexes. This association occurs because the structures recognized by T cells, the cells

that cause autoimmunity, are complexes comprised of class II MHC molecules and antigenic

peptides. Autoimmune disease can result when T cells react with the host's class II MHC
) molecules when complexed with peptides derived from the host's own gene products. Ifthese

class II MHC/antigenic peptide complexes are inhibited from being formed, the autoimmune

response is reduced or suppressed. Any autoimmune disease in which class II MHC/antigenic

peptide complexes play a role may be treated according to the methods ofthe present invention.

Such autoimmune diseases include, e.g., juvenile onset diabetes (insulin dependent), multiple

sclerosis, pemphigus vulgaris, Graves' disease, myasthenia gravis, systemic lupus erythematosus,

rheumatoid arthritis and Hashimoto's thyroiditis.

In another series ofembodiments, the methods are employed to treat mammals,

particularly humans, at risk of, or afflicted with, allergic responses. By "allergic response" is

meant the phenomenon in which the host's immune response to a particular antigen is unnecessary

or disproportionate, resulting in pathology. Allergies are well known in the art, and the term

"allergic response" is used herein in accordance with standard usage in the medical field

Examples of allergies include, but are not limited to, allergies to pollen, "ragweed," shellfish,

domestic animals (e.g., cats and dogs), bee venom, and the like. Another particularly

contemplated allergic response is that which causes asthma. Allergic responses may occur, in

part, because T cells recognize particular class II MHC/antigenic peptide complexes. If these

class II MHC/antigenic peptide complexes are inhibited from being formed, the allergic response

is reduced or suppressed. Any allergic response in which class II MHC/antigenic peptide

complexes play a role may be treated according to the methods of the present invention.

Although it is not expected that immunosuppression by the methods of the present invention will

be a routine prophylactic or therapeutic treatment for common allergies, severe or life threatening

allergic responses, as may arise during asthmatic attacks or anaphylactic shock, may be treated

according to these methods.

sifigmunsffirofflLfH)
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In another series of embodiments, the methods are employed to treat mammals,

particularly humans, which have undergone, or are about to undergo, an organ transplant or tissue

graft. In tissue transplantation (e.g., kidney, lung, liver, heart) or skin grafting, when there is a

mismatch between the class II MHC genotypes (HLA types) of the donor and recipient, there may

5 be a severe "allogeneic" immune response against the donor tissues which results from the

presence of non-self or allogeneic class II MHC molecules presenting antigenic peptides on the

surface of donor cells. To the extent that this response is dependent upon the formation of class

II MHC/anugenic peptide complexes, inhibition of cathepsin S may suppress this response and

mitigate the tissue rejection. An inhibitor of cathepsin S can be used alone or in conjunction with

10 other therapeutic agents, e.g., as an adjunct to cyclosporin A and/or antilymphocyte gamma

globulin, to achieve immunosuppression and promote graft survival. Preferably, administration is

accomplished by systemic application to the host before and/or after surgery. Alternatively or in

addition, perfusion of the donor organ or tissue, either prior or subsequent to transplantation or

grafting, may be effective.

15 In order to minimize the potential for undesired side effects, it is preferred in each of the

above-described embodiments that an inhibitor of cathepsin S is chosen which is a selective

inhibitor of cathepsins S and ??, a specific inhibitor of cathepsin S, or a highly specific inhibitor of

cathepsin S. Thus, for example, it may not be desirable to inhibit, even briefly, all proteases or all

cysteine proteases in a cell or an organism because normal protein processing and turnover will be

20 disrupted. To the extent that such incidental inhibition is deleterious or undesired, the use of

increasingly more selective cathepsin S inhibitors may be preferred. The use of more selective

cathepsin S inhibitors may, for example, allow for the use of higher dosages or more extended

treatment periods

Administration of the inhibitor can be accomplished by any method which allows the

25 inhibitor to reach the target cells, e.g., class II MHC antigen presenting cells These methods

include, e.g., injection, infusion, deposition, implantation, anal or vaginal supposition, oral

ingestion, inhalation, topical administration, or any other method of administration where access

to the target cells by the inhibitor is obtained. Injections can be, e.g., intravenous, intradermal,

subcutaneous, intramuscular or intraperitoneal. For example, the inhibitor can be injected

30 intravenously v>r intramuscularly for treatment of multiple sclerosis, or can be injected directly into

the joints for treatment of arthritic disease., cr can be injected directly into the lesions for

treatment of pemphigus vulgaris. In certain embodiments, the injections can be given at multiple
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locations. Implantation includes inserting implantable drug delivery systems, e.g., microspheres,

hydrogels, polymeric reservoirs, cholesterol matrices, polymeric systems, e.g., matrix erosion

and/or diffusion systems and non-polymeric systems, e.g., compressed, fused or partially fused

pellets. Inhalation includes administering the inhibitor with an aerosol in an inhalator, either alone

or attached to a carrier that can be absorbed. For systemic administration, it may be preferred

that the inhibitor is encapsulated in liposomes. Topical administration can be accomplished with,

e.g., ointments, creams or lotions, which are applied topically to the affected area ofthe skin. In

such compositions, the inhibitor can, e.g., be dissolved in a solvent, and then mixed with, e.g., an

emulsion or a gelling agent, as are well known to persons ordinarily skilled in the art.

In certain embodiments of the invention, the administration can be designed so as to result

in sequential exposures to the inhibitor over some time period, e.g., hours, days, weeks, months

or years. This can be accomplished by repeated administrations of the inhibitor by one of the

methods described above, or alternatively, by a controlled release delivery system in which the

inhibitor is delivered to the mammal over a prolonged period without repeated administrations.

By a controlled release delivery system is meant that total release of the inhibitor does not occur

immediately upon administration, but rather is delayed for some time period. Release can occur in

bursts or it can occur gradually and continuously. Administration of such a system can be, e.g.,

by long acting oral dosage forms, bolus injections, transdermal patches and subcutaneous

implants

Examples of systems in which release occurs in bursts include, e.g., systems in which the

inhibitor is entrapped in liposomes which are encapsulated in a polymer matrix, the liposomes

being sensitive to specific stimuli, e.g., temperature, pH, light or a degrading enzyme, and systems

in which the inhibitor is encapsulated by an ionically-coated microcapsule with a microcapsule

core degrading enzyme. Examples of systems in which release of the inhibitor is gradual and

continuous include, e.g., erosional systems in which the inhibitor is contained in a form within a

matrix, and diffusional systems in which the inhibitor permeates at a controlled rate, e.g., through

a polymer Such sustained release systems can be, e.g., in the form of pellets 01 capsules

The inhibitor can be suspended in a liquid, e.g., in dissolved form or colloidal form. The

liquid can be a solvent, partial solvent or nonsolvent. In many cases water or an organic liquid

can be used

The inhibitor is administered to the mammal in a therapeutically effective amount. By

therapeutically effective amount is meant that amount which is capable of at least partially
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preventing, reversing, reducing, decreasing, ameliorating or otherwise suppressing the particular

immune response being treated. A therapeutically effective amount can be determined on an

individual basis and will be based, at least in part, on consideration of the species of mammal; the

mammal's age, sex, size, and health; the inhibitor used; the type of delivery system used; the time

5 of administration relative to the severity of the disease; and whether a single, multiple, or

controlled release dose regimen is employed. A therapeutically effective amount can be

determined by one of ordinary skill in the art employing such factors and using no more than

routine experimentation.

Preferably, the concentration ofthe inhibitor if administered systematically is at a dose of

10 about t .0 mg to about 2000 mg for an adult of 70 kg body weight, per day. More preferably, the

dose is about 10 mg to about 1000 mg/70 kg/day. Most preferably, the dose is about 100 mg to

about 500 mg/70 kg/day. Preferably, the concentration of the inhibitor if applied topically is

about 0. 1 mg to 500 mg/gm of ointment, more preferably is about 1 .0 mg to about 100 mg/gm

ointment, and most preferably is about 30 mg to about 70 mg/gm ointment The specific

15 concentration partially depends upon the particular inhibitor used, as some are more effective than

others. The dosage concentration of the inhibitor that is actually administered is dependent at

least in part upon the particular immune response being treated, the final concentration of

inhibitor that is desired at the site of action, the method of administration, the efficacy of the

particular inhibitor, the longevity of the particular inhibitor, and the timing of administration

20 relative to the severity of the disease. Preferably, the dosage form is such that it does not

substantially deleteriously affect the mammal. The dosage can be determined by one of ordinary

skill in the art employing such factors and using no more than routine experimentation.

III. Inhibitors of Cathepsin S

The present invention employs inhibitors of cathepsin S in a variety of methods, as

2S described above, and also provides for a new class of novel peptide-based cathepsin S inhibitors

Therefore, the present invention provides for the use of an inhibitor of cathepsin S in a

medicament, or in pharmaceutical or therapeutic preparation, for inhibiting invariant chain

proteolysis from class II MHC/invariant chain complexes, for reducing the competency of class II

MHC molecules for binding antigenic peptides, for reducing presentation of antigenic peptide by

30 class II MHC molecules, for suppressing a class II MHC -restricted immune response, or fv >i

treating an autoimmune disease, allergic response, or allogeneic immune response.
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The inhibitors of cathepsin S, as used in the methods of the present invention, may be

regarded as being prior art inhibitors of cathepsin S, the novel peptide-based inhibitors of

cathepsin S disclosed herein, or currently unknown or undisclosed inhibitors of cathepsin S which,

for purposes ofthe present invention, are equivalents to the prior art and presently disclosed

5 inhibitors. Alternatively, and as discussed below, inhibitors of cathepsin S may be regarded

broadly as being non-peptide-based inhibitors or peptide-based inhibitors, as defined above.

A. Non-Peptide-Based Inhibitors

Non-peptide-based inhibitors of cathepsin S include repressors, antisense sequences, and

non-peptide-based competitive and non-competitive inhibitors.

10 At present, there are no known repressors of cathepsin S induction or transcription which

satisfy the definition of an inhibitor of cathepsin S as used herein. Nonetheless, upon the

discovery of such repressors, their use in the methods and products ofthe present invention may

be highly preferred over currently known inhibitors, and would be regarded as an equivalent

embodiment ofthe disclosed methods and products.

IS Antisense sequences to cathepsin S may readily be chosen and produced by one of

ordinary skill in the art on the basis of the known nucleic acid sequence of the cathepsin S gene

(see, e.g., GenBank Accession Nos. M86553, M90696, S39127; and Wiedersranders et al., I

Biol. Chem. 267; 13708-13713 (1992)) and the developing field of antisense technology. In

order to be sufficiently selective and potent for cathepsin S inhibition, such cathepsin S-

20 antisense oligonucleotides should comprise at least 10 bases and, more preferably, at least 15

bases. Most preferably, the antisense oligonucleotides comprise 18-20 bases. Although

oligonucleotides may be chosen which are antisense to any region of the cathepsin S gene or

mRNA transcript, in preferred embodiments the antisense oligonucleotides correspond to the

N-terminal or translation initiation region of the cathepsin S mRNA, or to mRNA splicing

25 sites. In addition, cathepsin S antisense may, preferably, be targeted to sites in which mRNA

secondary structure is not expected (see, e.g., Sainio et al. (1994) Cell. Mol. Neurobiol.

14(5):439-457) and at which proteins are not expected to bind.

As will be obvious to one of ordinary skill in the art, the cathepsin S-inhibiting

antisense oligonucleotides of the present invention need not be perfectly complementary to the

30 cathepsin S gene or mRNA transcript in order to be effective. Rather, some degree of

mismatches will be acceptable if the antisense oligonucleotide is of sufficient length. In a!l
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cases, however, the ligonucleotides sh uld have sufficient length and complementarity so as

to selectively hybridize to a cathepsin S transcript under physiological conditi ns. Preferably,

of course, mismatches are absent or minimal. In addition, although it is not recommended,

the cathepsin S-antisense oligonucleotides may have one or more non-complementary

sequences of bases inserted into an otherwise complementary cathepsin S-antisense

oligonucleotide sequence. Such non-complementary sequences may loop out of a duplex

formed by a cathepsin S transcript and the bases flanking the non-complementary region.

Therefore, the entire oligonucleotide may retain an inhibitory effect despite an apparently low

percentage of complementarity.

The cathepsin S-antisense oligonucleotides of the invention may be composed of

deoxyribonucleotides, ribonucleotides, or any combination thereof. The 5' end of one

nucleotide and the 3* end of another nucleotide may be covalently linked, as in natural

systems, via a phosphodiester internucleotide linkage. These oligonucleotides may be prepared

by art recognized methods such as phosphoramtdate, H-phosphonate chemistry, or

methylphosphoramidate chemistry (see, e.g., Uhlmann et al. (1990) Chem. Rev. 90:543-584;

Agrawal (ed.) Meth. Mol. Biol. . Humana Press, Totowa, NJ (1993) Vol. 20; and U.S. Patent

No. 5,149,798) which may be carried out manually or by an automated synthesizer (reviewed

in Agrawal etal. (1992) Trends Biotechnol. 10:152-158).

The cathepsin S-antisense oligonucleotides of the invention also may include modified

oligonucleotides. That is, the oligonucleotides may be modified in a number of ways which

do not compromise their ability to hybridize to nucleotide sequences contained within the

transcription initiation region or coding region of the cathepsin S gene. The term modified

oligonucleotide as used herein describes an oligonucleotide in which at least two of its

nucleotides are covalently linked via a synthetic linkage, i.e., a linkage other than a

phosphodiester linkage between the 5* end of one nucleotide and the 3' end of another

nucleotide. The most preferred synthetic linkages are phosphorothioate linkages. Additional

preferred synthetic linkages include alkylphosphonates, phosphorodithioates, phosphate esters,

alkylphosphonothioates, phosphoramidates, carbamates, carbonates, phosphate triesters,

acetamidate, and carboxymethyl esters. Oligonucleotides with these linkages or other

modifications can be prepared according to known methods (see, e.£., Agrawal and Goodchild

(1987) Tetrahedron Lett. 28:3539-3542; Agrawal et al. (1988) Proc. Natl. Acad. Sci. (USA)
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85:7079-7083; Uhlmann et al. (1990) Chem, Rev, 90:534-583; Agrawal et al. (1992) Icefids

Pioteqhnoi ' 10:152-158; Agrawal (ed.) Meth. Mol. Rin] Humana Press, Totowa, NJ (1993)

Vol. 20).

The term modified oligonucleotide also encompasses oligonucleotides with a modified

base and/or sugar. For example, modified oligonucleotides include oligonucleotides having

the sugars at the most 3' and/or most 5' positions attached to chemical groups other than a

hydroxyl group at the 3' position and other than a phosphate group at the 5' position. Other

modified ribonucleotide-containing oligonucleotides may include a 2
,

-0-alkylated ribose group

such as a 2'-0-methylated ribose, or oligonucleotides with arabinose instead of ribose. In

addition, unoxidized or partially oxidized oligonucleotides having a substitution in one

nonbridging oxygen per nucleotide in the molecule are also considered to be modified

oligonucleotides.

Such modifications may be at some or all of the internucleoside linkages, at either or

both ends of the oligonucleotide, and/or in the interior of the molecule (reviewed in Agrawal

et al. (1992) Trends Piotechnol, 10: 152-158 and Agrawal (ed.) Meth. Mol. Biol Humana
Press, Totowa, NJ (1993) Vol. 20). Also considered as modified oligonucleotides are

oligonucleotides having nuclease resistance-conferring bulky substituents at their 3' and/or 5'

end(s) and/or various other structural modifications not found in vivo without human
intervention. Other modifications include additions to the internucleoside phosphate linkages,

such as cholesteryl or diamine compounds with varying numbers of carbon residues between

the amino groups and terminal ribose.

Other non-peptide-based inhibitors of cathepsin S include antibodies, including fragments

of antibodies such as Fc. which selectively bind to and inhibit the activity of cathepsin S, and

ribozymes which interfere with the transcription, processing or translation of cathepsin S mRNA

B. Peotide-Based Inhibitors: Generally

Peptide-based inhibitors of cathepsin S are. at the molecular level, mimics-or analogs of at

least a portion of a natural polypeptide sequence which binds to the active site of cathepsin S as a

substrate In their simplest form, peptide-based inhibitors of cathepsin S are simply peptides

which are based upon the sequences adjacent to known cathepsin S cleavage sites. Such peptide

based inhibitors ,rc competitive inhibitors Preferably however,
. peptide-based inhibitors have

modified polypeptide structures (whether synthesized from peptides or not) which alter their
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activity , stability, and/or specificity. The art of combinatorial chemistry has progressed

significantly in the design of peptide-based inhibitors such that it is now routine to produce large

numbers of inhibitors based on one or a few peptide sequences or sequence motifs (see, e.g.,

Bromme et al., Biochem. J. 3 15:85-89 (1996), Palmer et al., J. Med. Chem 38:3193-3 196

5 (1 995)). Thus, for example, if cathepsin S is known to cleave protein X at position Y, a peptide-

based inhibitor of cathepsin S may be chosen or designed as a polypeptide or modified

polypeptide having the same sequence as protein X, or structural similarity to the sequence of

protein X, in the region adjacent to position Y. In fact, the region adjacent to the cleavage site Y,

spanning residues removed by 10 residues or, more preferably, five residues N-terminal and C-

10 terminal of position Y, may be defined as a "preferred protein X cleavage site" for the choice or

design of peptide-based inhibitors. Thus, a plurality of peptide-based inhibitors, chosen or

designed to span the preferred protein X cleavage site around position Y, may be produced,

tested for inhibitory activity, and sequentially modified to optimize or alter activity, stability,

and/or specificity.

15 Preferably, the peptide portion of the pepude-based inhibitors of the invention can be any

length, as long the compound can inhibit proteolysis by cathepsin S. Preferably, the peptide

portion is about 2 to about 20 amino acids or amino acid equivalents long, more preferably it is

about 2 to about 10 amino acids or amino acid equivalents long, and most preferably it is about 2

to about 3 amino acids or amino acid equivalents long.

20 Modified peptide-based inhibitors of cysteine proteases, as well as other enzymes, are well

known in the art. Thus, for example, peptide-based inhibitors of cysteine proteases include

peptidyl aldehydes, nitriles, a-ketocarbonyls, halomethyl ketones, diazomethyl ketones, (acyloxy)-

methyl ketones, vinyl sulfones, ketomethylsulfonium salts, epoxides, and N-peptidyl-O-

acylhydroxylamines (see, e.g., Bromme et al., Biochem. .1 315:85-89 (1996); Palmer et al., J
:

25 Med. Chem. 38(I7):3 193-3 196 (1995); Bromme et al., Biol Chem. 375:343-347 (1994); and

references cited therein.

Cunenily preferred peptide-based inhibitors or cathepsin S include those based upon the

sequences Leu-Leu-Leu, and Leu-Hph (where Hph indicates homophenylalanine), as well as the

preferred invariant chain cleavage site sequences described below. Thus, for example,

W morpholinu:ea-Leu-Hph-vinylsulfone pheny) (U-IVS) ;s one preferred cathepsin S inhibitor Also

preferred are other peptidyl vinyl sulfones. with or without the addition of an N-terminal groups

such as carboxybenzyl or nitrophenylacetyl groups, such as Leu-Leu-Leu-vinyl sulfone,
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N-(carboxybenzyl)-Leu-Leu-Leu-viny!su]fone
)
and N-(nitrophenyIacetyl)-Leu-Leu-Leu-

vinylsulfone. Most preferably, the peptidyl moiety corresponds to 2-3 residues chosen from the

cathepsin S preferred invariant chain cleavage site, as described below.

C. Peptide-Based Inhibitors: Novel Cathepsin S Inhibitors

As noted above, and evidenced in the Examples below, cathepsin S cleaves the invariant

chain, white associated in a class II MHC/invariant chain complex, at two major, nearly adjacent,

locations. These major cleavages occur C-terminal of the Arg residue at position 78 or the Lys

residue at position 80 of the human invariant chain sequence (SEQ ID NO: I). See Example 8,

Therefore, a preferred invariant chain cleavage site extends around Arg78 from N-terminally about

positions 68-73 to C-terminally from about positions 83-88. Similarly, a preferred invariant chain

cleavage site extends around Lys*> from N-terminally about positions 70-75 to C-terminally from

about positions 85-90. Because of the overlap of these regions, cathepsin S has a preferred

invariant chain cleavage site spanning, approximately, from N-terminally about positions 68-75 to

C-terminally about positions 83-90. Thus, peptide-based inhibitors of cathepsin S based upon a

sequence of 2-20, more preferably 2-10, and most preferably 2-3 consecutive residues from within

this site are provided.

Because ofthe postulated nature of the cathepsin S active site (see, e.g., Bromine et al.,

Biochem, J. 315:85-89 (1996)), it is particularly preferred that the residues one-, two- and,

optionally, three- positions N-terminal to the cleavage sites be included in a peptide based

inhibitor. Thus, for example, the residues Asn-Leu (positions 76 and 77; or -2 and -1 relative to

the Arg?8 cleavage point) or the residues Giu-Asn-Leu (positions 75, 76, and 78; or -3, -2 and -1

relative to the Arg7« cleavage point) are preferably used as a basis for choosing or designing a

peptide-based inhibitor. Similarly, the residues Arg-Met (positions 78 and 79; or -2 and -1

relative to the Lysso cleavage point) or the residues Leu-Arg-Met (positions 77, 78, and 79; or ~3,

-2 and -
1 relative to the LysW) cleavage point) are preferably used as a basis for choosing or

designing a peptide-based inhibitor.

Thus, for example, the invention provides novel peptide-based inhibitors such as

vinylsulfones compounds including Asn-Leu-vinylsulfone, Arg-Met-vinylsulfone, Leu-Arg-Met-

vinytsulrbne, Glu-Asn-Leu-vinylsulfone, and Leu-Leu-Leu-vinylsulfone. Modifications of thest!

peptide Wnylsutfones are also included in the 'nvention For example, carboxybenzyl can be

present at the N-terminal end to give the following compounds: N-(carboxybenzyl)-Asn-Leu-
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vinylsulfone, N-(carboxybenzyI)-Arg-Met-vinylsulfone, N-(carboxybenzyl)-Leu-Arg-Met-

vinylsulfone, N-(carboxyfaenzyl)-Glu-Asn-Leu-vinylsuIfone, and N-(carboxybenzyl)-Leu-Leu-

Leu-vinylsulfone. In an alternative, nitrophenylacetyl is present at the N-terminaJ end to give the

following compounds: N-(nitrophenylacetyl)-Asn-Leu-vinyisulfone, N-{nitrophenylacetyl)-Arg-

5 Met-vinylsulfone, N-(nitrophenylacetyl)-Leu-Arg-Met-vinylsuIfone, N-(nitrophenylacetyl)-Glu-

Asn-Leu-vinylsulfone, and N-(nitrophenylacetyl)-Leu-Leu-Leu-vinylsulfone. A peptide-based

vinylsuifone is meant to include, e.g., a peptide vinyisulfone or a modified peptide vinylsulfone.

The invention is also meant to include other modifications of the peptide-based vinylsulfones, e.g.,

substitutions can be added at the amino terminus of the peptide-based vinylsulfones by, e.g.,

10 N-methyl substituents or any other alkyi or substituted alkyi chain, or by substitution with, e.g.,

phenyl, benzyl, aryl, or modified aryi substituents, as would be known to those skilled in the art.

These examples are merely illustrative and not exhaustive. For example, the peptide-based

inhibitors of cathepsin S can be based upon other peptide sequences which span a portion of the

preferred invariant chain cleavage site, for example, any 2-3, 3-5, 5-7, or more consecutive

15 residues within the preferred invariant chain cleavage site. Similarly, the peptide-based inhibitors

may be peptidyl aldehydes, nitriles, a-ketocarbonyls, halomethyl ketones, diazomethyl ketones,

(acyloxy)-methyl ketones, vinyl sulfones, ketomethylsulfonium salts, epoxides, N-peptidyl-O-

acylhydroxylamines, or other such compounds known to those of skill in the art. Furthermore,

the N-termini of these peptide-based inhibitors of cathepsin S may be blocked with a variety of

20 substituent groups, including N-methyl substituents or other alkyl or substituted alkyi chains;

phenyl, benzyl, aryl, or modified aryl substituents; or other such substituents known to those of

skill in the art.

EXAMPLES

Examplej: Active Site Labeling of Cysteine Proteases

25 This example illustrates the active site labeling of cysteine proteases, including

cathepsin S. The role of cathepsin S in the proteolytic processing of li was investigated bv

exploiting the properties of a number of protease inhibitors, both novel and previously described

The cysteine protease inhibitor Cbz-Tyr-Ala-CNh, irreversibly binds to the active site of cysteine

proteases in proportion to their activity. A profile of the active cysteine proteases present within

TO a given cell type can be directly established by incubating the cells with an iodinated form of this

inhibitor, Cbz-[
t2S

IJ-Tyr-Ala-CN2 and visualizing the labeled proteases on SDS-PAGE (Mason et
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al.
f
Biochem. J, 257: 125-129 (1989)). Cysteine proteases in the cell that are first inactivated with

other cysteine class inhibitors prior to incubation with Cbz-[
125

I]-Tyr-Ala-CN2 produce a

corresponding decrease in labeling. Inhibition specific for a given protease affects subsequent

labeling with Cbz-[
,25

I]-Tyr-A]a-CN2 of that specific protease, but not other enzymes present in

the preparation.

To examine the cysteine protease profile of professional anugen presenting cells, and

measure specifically the activity of cathepsin S, the B-lymphoblastoid cell line HOM2 (Benaroch

et al., EMBOJ, 14:37-49 (1995)) was used. The B-lymphoblastoid cell line HOM2 (homozygous

for HLA-DR1) was maintained in RPMI with 10% FBS, 1/1000 units/ml penicillin, 100 /ug/ml

streptomycin and 2 mM glutamine. HOM2 cells were labeled with Cbz-[
I25

I]-Tyr-Ala-CN2 after

incubation with 0.
1 nM and 5 nM of the specific cathepsin S inhibitor, LHVS (morpholinurea-

leucine-hdmophenylaline-vinylsulfone phenyl) (Palmer et al., J. Med Chem 38(1 7) 3 ] 93-3 196

(1995)). Lysates prepared from the labeled cells were analyzed either directly or subjected to

immunoprecipitation with antibodies specific for cathepsins S and B by 120% SDS-PAGE.

Antibody to human cathepsin S was prepared as described in Shi et al., J. Biol Chem 269: 11 530-

1 1536 (1994), and antibody to cathepsin 3 was obtained from Vital Products, Inc. (St. Louis,

MO). In the absence of cathepsin S inhibitor, three polypeptides were labeled, migrating at 33

kDa, 28 kDa, and 6 kDa (running with the dye front in this 12% gel). The 33 kDa and 6 kDa

polypeptides were immunoprecipitated with an antiserum specific for cathepsin B, and represent

the single-and light-chain forms of the active enzyme, respectively. The more intense labeling of

the 6 kDa polypeptide compared with the 33 kDa protein suggested that most of the cathepsin B
present in HOM2 cells was in the light chain form. The 28 kDa polypeptide was identified as the

active form of cathepsin S, as it was immunoprecipitated with an antibody specific for this

enzyme. The labeling of cathepsin S, but not cathepsin 3, was effectively inhibited at an LHVS
concentration oi l nM At an inhibitor concentration of 5 nM, the labeling of cathepsin B was

decreased, although some activity remained Thus, LHVS was able to be utilized at 1-5 nM
concentrations to specifically inhibit cathepsin S in HOM2 cells, leaving other cysteine proteases

functionally active

The active site labeling of cysteine proteases with Cbz-[
,2S

I]-Tyr-AJa-CN2 was then used

to determine thai the purified human cathepsins B and S. used in subsequent experiments were

not cross-contaminated with other proteases
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The cysteine protease inhibitor Cbz-Tyr-Ala-CN2was iodinated as previously reported

(Mason et al. t
Biochem. J. 257: 125-129 (1989) ) . HOM2 ceils (5xl0-

6
ceHsi/sample) were

incubated with inhibitors 2S >
3S-trans-epoxysuccinyl-L-Leu-araido-3-methylbutane ethyl ester

(E64D) (20 ixrn) (obtained from Sigma Chemical Co., St. Louis, MO), leupeptin (0.5 mM)

(obtained from Sigma Chemical Co., St. Louis, MO), concanamycin B (20 nM) (obtained from

Ajinomoto Co., Kanagawa, Japan), or LHVS (1 or 5 nM) (obtained from Khepri Pharmaceuticals,

Inc., South San Francisco, CA) at 37°C for 1 hour prior to labeling. Cells were labeled by

incubation with Cbz-[
125
I]-Tyr-Ala-CN2 for 1 hour at 37°C, washed twice with PBS and lysed in

the SDS-PAGE sample buffer. The purified cathepsins B and S were labeled by addition of a 2 uJ

aliquot of purified enzyme stock to 50u1 of digestion buffer (50 mM Na Acetate, pH 5.5, 1%

Triton-X-100, 3 mM cysteine, 1 mM EDTA) containing Cbz-[
125
I-Tyr-Ala-CN2 .

Samples were

incubated for 1 hour at 37°C and the labeling reaction was stopped by the addition of 50 uJ of 2x

SDS-PAGE sample buffer.

Immunoprecipitation of cathepsins B and S was performed by labeling 5 x 10
6 HOM2

cells as above followed by cell lysis with 1 ml of 10 mM Tris-HCl, pH 7.5, 1 mM EDTA, 0.2.

SDS, 1% Triton X-100 on ice. Lysates were collected, boiled for 5 minutes and precleared with

protein A-agarose (Boehringer Mannheim, Indianapolis, IN) plus normal rabbit serum (Sigma

Chemical Co., St. Louis, MO). The cysteine proteases were immunoprecipitated with

anticathepsin S antibody and anti-cathepsin B antibody coupled to protein agarose. The pellets

were washed and eluted with reducing SDS-PAGE sample buffer.

Example 2 : Inhibition of Cathepsin S Prevents Ii Processing

This example illustrates that inhibition of cathepsin S interferes with processing of Ii and

subsequent peptide binding by class II molecules. HOM2 cells were pulsed-labeled with
15
S-

methionine/cysteine as follows HOM2 cells, 5 x I0
6
/sample, were preincubated in 1 ml

methionine-, cysteine-free DMEM supplemented with protease inhibitors or appropriate solvent

for 1 hour at 17 C prior to labeling with 0.25 mCi
35
S-methionine/cysteinc for 1 hour at 37 C.

The cells were centrifuged and resuspended at 1 x 10
6
/ml in RPMI/10% FBS and chased for 5

hours in the absence or presence of 1 nM or 5 nM LHVS. The HOM2 cells were then washed

twice with cold PBS and lysed in 1 ml of 50 mM Tris-HCl
,
pH 7.4, 0.5% NP-40, 5 mM MgCl 2

Lysates were precleared with protein A-agarose 7 ul of normal rabbit serum and 2 fil of normal

mouse serum followed by immunoprecipitation of class II a(3 dimers and apii complexes with th<
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monoclonal antibody Tu36 coupled to protein A-agarose. Immunoprecipitates were washed 4-6x

with 1 ml of 50 mM Tris-HCl, pH 7.4, 0.5% NP-40, 5 mM EDTA, 150 mM NaCl. These pellets

were either eluted directly with non-reducing or reducing SDS-PAGE sample buffer, or used as

starting material for proteolytic digestion and further immunoprecipitation.

Proteolytic digestion ofimmunoprecipitates was performed by incubation of precipitated

pellets with purified proteases diluted in 50 ui of 50 mM Na Acetate, pH 5.5, 1% Triton X-100, 3

mM cysteine, 1 mM EDTA at 37°C. Samples were eluted with SDS-PAGE sample buffer

One halfofthe samples were analyzed by 14% SDS-PAGE under mildly denaturing (non-

boiled, nonreduced) conditions to visualize SDS -stable complexes which migrate at approximately

50 kDa. These SDS-stable complexes represent peptide-loaded ap-dimers, which decrease upon

inhibition of cysteine proteases with leupeptin (Neefjes and Ploegh, EMBO J. 1 1 :41 1-416 (1992))

(obtained from Sigma Chemical Co., St. Louis, MO). Specific inhibition of cathepsin S with 1

nM and 5 nM LHVS resulted in accumulation of a class II-associated 1 3 kDa li fragment, and a

concomitant reduction in peptide loading as evidenced by a marked decrease in formation of

SDS-stable complexes. Inhibition of all cysteine proteases with the cysteine-class inhibitor 2S,

3S-trans-epoxysuccinyl-L-Leu-amido-3-methylbutane ethyl ester (E64D) resulted in a buildup of

a class II-associated 23 kDa li fragment with a decrease in SDS-stable dimer formation, similar to

that seen with leupeptin. This result indicated that cathepsin S acted on a relatively late li

breakdown intermediate and was required for efficient proteolysis of li necessary for subsequent

peptide loading.

Example 3 : Cathepsin S Selectively Digests li Participating in otBIi Complexes

This example illustrates that cathepsin S proteolytically digests the invariant chain in class

II MHC/invariant chain complexes, leaving the class II MHC molecule intact and capable of

subsequently binding antigenic peptide. Individual a, P, and li polypeptides were translated in

vitro both separately and together under conditions compatible with complex formation

(Bijlmakers et al J. Exp Med. 180:623-629 (1994)) In_yjtro translation of a p and li was

accomplished as follows: cDNA's ofHLA-DR1 a (Larhammar et al
,
Cel] 30: H3- 161 (1982))

and 3 chains (Bell et al., Proc. Natl. Acad Sci. (USA! 82:3405-340*) (1985)), ;ind the cDNA

encoding the human p33 li (Claesson et al., Proc. Natl. Acad. Sci (USA ) 80:7.^S--7390 f 1983) i

were all cloned in pSP72 (Promega, Madison, WI) as described previously ( Bij.makei s et af
. J

Exp. Med. 1 80:623-629 (1 994)). The cDNAs were transcribed in vitro either together or
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separately, using T7 RNA polymerase. RNA was stored in 70% ethanol at -80°C. The optimal

amount ofRNA utilized was determined empirically for each separate batch ofRNA. The

resulting RNA's were translated in vitro in rabbit reticulocyte lysate (Flexi, Promega, Madison,

WI), supplemented with canine microsomes. Translations were performed for 90 minutes at 30°C

5 as previously described (Bijlmakers et al, J. Exp. Med. 180:623-629 (1994)). Upon completion

of translation the microsomes were pelleted by centrifugation for 4 minutes at 12,000 rpm, and

resuspended in 20 uJ of lysis/digestion buffer (50 mM Na Acetate, pH 5 .5, 1% Triton X-100, 3

mM cysteine, 1 mM EDTA) with or without cathepsin S. Cathepsin S concentrations were 0. 19

or 0.38 uM Purified human cathepsin S was obtained by expression in Sf9 cells using the

10 Baculovirus expression system as described (Bromine and McGrath, Protein ScL in press, 1996).

Proteolytic digestion was performed by incubation of the above solubilized microsomes for 4

hours at 37°C. Digestion was stopped by the addition of reducing SDS sample buffer, samples

boiled, and analyzed directly by 15% SDS-PAGE under denaturing conditions.

Cathepsin S readily digested the a, p and Ii chains when translated alone. However, when

15 the a and P chains were translated together so that dimer formation occurred, they displayed

resistance to proteolysis When all three moieties were translated together and digested with

cathepsin S, only Ii was degraded, illustrating the marked sensitivity of Ii to cathepsin S digestion.

The formation ofaP dimers and apii trimers were confirmed following each step by

immunoprecipitation. Thus, cathepsin S selectively degrades Ii molecules that are part of apii

20 complexes, leaving the otp dimers intact.

To directly compare the ability of cathepsins S and B to degrade Ii participating in apii

trimers, the activity of the two proteases must be measured, independent of their differences in

substrate specificity. Normalization to total protein content is misleading because only a portion

of the total protein may be active. To overcome this difficulty, the molar activity of the purified

25 cathepsin B (obtained from Calbiochem-Novabiochem Corp., San Diego, CA) and cathepsin S

preparations were measured by using E64D (obtained from Sigma Chemical Co., St. Louis, MO)

as an active site titrant with the substrate Z-Phe-Arg-AMC, as previously described (Barrett and

Kirschke, Methods in Enzvmologv . Vol. 80, Proteolytic Enzymes L Lorand (ed ), New York,

New York; Academic Press, Inc., pp 535-560 (1981 )) The activities of the enzymes measured in

30 this manner are independent of the substrate used beca-ise 1.64D inevyrsibly inhibiis both

cathepsins S and B on an equimolar basis

SmnnESKET(RULE28)
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Using the concentrations determined by the above method, the ability ofcathepsins S and

B to digest Ii from ctPIi heterotrimers immunoprecipitated from HOM2 cells was determined.

HOM2 cells were incubated in the absence of inhibitor, or in the presence ofinhibitors E64D or

LHVS, during a "S-methionine/cysteine pulse/chase. Cathepsin S specifically degraded intact Ii

as well as the 2.3 kDa and 1 3 kDa Ii intermediates, while sparing the ap dimer and the ap-
peptide complexes. In contrast, cathepsin B showed little proteolytic activity against

immunoprecipitated apii trimers or apli fragment complexes, even at 100* the molar

concentration of cathepsin S. The inability ofcathepsin B to digest Ii was not merely a result of
the enzyme not being active at the concentrations used, as evidenced by a slight change in

migration ofthe class II p chain, suggesting activity of cathepsin B on the cytoplasmic portion of

the P chain (Roche and Cresswell, Proc. Natl Ar*d. Sci. (USM 88:3 1 50-3 154 ( 1991 )).

A defined intermediate in the maturation ofclass II molecules is a complex consisting of

the ap heterodimer bound to the CLIP region of Ii (Awa and Cresswell, Immunity 1 . 763-774

(1994)). It is this intermediate that was proposed to be a substrate for HLA-DM (see Wolf and
Ploegh, Aim. Rev. Cell Biol 1 1:267-306 (1995)). To determine if cathepsin S could generate

otP-CLIP from aPE, HOM2 cells were labeled in the absence and presence of inhibitors,

immunoprecipitated with the monoclonal antibody Tu36, digested with 0.23 uM cathepsin S for 1

hour at 37°C, and immunoprecipitated with antibodies directed against Ii. Tu36 is a mouse

monoclonal antibody (Shaw et al., Human Immunol 12:191-21 1 (1985)) which recognizes HLA-
DRI ap dimers alone or in association with Ii. Two Ii reactive mouse monoclonal antibodies

were used: PIN-1, specific for the N-tenninus of Ii (Awa and Cressell, Immunity 1 763-774

( 1 994)), and the monoclonal antibody LN-2. directed against the C-terminus of Ii.

Immunoprecipitates were then boiled for 3 minutes in the presence of 1% SDS to unfold the apii

complexes, diluted 1 0-fold and re-immunoprecipitated sequentially with antibodies against the

CLIP reg.on cytoplasmic tail (PIN- 1 antibody), and lumenal domain (LN-2 antibody) of li.

Samples were analyzed by 1 0-20%. gradient tricine SDS-PAGE under denaturing conditions A 3

kDa polypeptide was immunoprecipitated w.th the anti-CLIP antibody, which was not found in

the undigested samples The anti-CLIP reagent was generated by injection of rabb.ts with two
overlapping peptides, conjugated toKLH, spanning the region ofresidues8l-l04 „f intact human
Ii The antibody directed against the N-terminal cytoplasmic tail. PIN- 1 . wes ahle .c

immunoprecipitate intact li as well as the 23 kDa and 13 kDa Ii chain fragments, suggesting that

WSTmnEUffT(MLf2!9



WO 97/40066 PC I7US97/06865

-24-

both the 23 kDa and 13 kDa intermediates are N-terminal fragments. The LN2 antibody against

the li lumenal domain precipitated only the full length Ii. Thus, cathepsin S was able to produce

aP-CLDP, a known intermediate in apli proteolysis.

In contrast to cathepsin S, neither purified cathepsin B (66 uJvf) nor D (2.4 u.M) (obtained

from Calbiochem-Novabiochem Corp., San Diego, CA) could produce aP-CLIP from apii.

HOM2 cells were pulse/chased in the presence of 0.5 mM leupeptin and class II molecules were

immunoprecipitated with Tu36. The isolated class II complexes were then digested with the

different purified cathepsins at pH 5.5 for 1 hour at 37°C. The digested complexes were then

analyzed by 10-20%; tricine gel under denaturing conditions. Digestion with cathepsin S (0.23

\iM) alone resulted in the production of a 3 kDa polypeptide associated with ap dimers This 3

kDa fragment could also be re-immunoprecipitated with the anti-CLIP reagent used above. Both

cathepsins B and D, when used at high concentrations, could produce large molecular weight Ii

cleavage products, but not ur>CLIP, illustrating the essential role of cathepsin S in complete and

efficient Ii processing.

While inclusion ofHLA-DM facilitates exchange ofCLIP bound to the ap-CLIP complex

for antigenic peptide (Denzin et al., Cell 82:155-165 (1995); Sherman et al, Immunity 3: 197-205

(1995); Sloan et al., Nature 375:802-806 (1995)), the reaction can also occur, albeit less

efficiently, in the absence of added HLA-DM The displacement of larger Ii remnants with

antigenic peptides is even less efficient. Proteolysis of apii heterotrimers with cathepsin S was

shown to allow peptide loading onto the resulting class II ou3 rCLIP complexes as follows: HOM2

cells were treated with 20 nM concanamycin B to accumulate a large amount of a|ili trimers

(Benaroch et al., EMBO J. 14(l):37-49 (1995)). The hemagglutinin peptide (HA), containing

amino acids 306-3 1

8

t was used as a DRl restricted peptide (Rothbard et al., £ejj 52(4):? 1
5 -52"

(1088)) HA was synthesized (t-boc chemistry) on a Biosearch SAM 2 peptide synthesizer,

dissolved in water and stored at -70°C. The apli complexes from concanamycin B treated cells

were initially immunoprecipitated with an antibody against the lumenal domain (LN-2) to

precipitate only intact apli complexes These complexes were incubated in the absence and

presence of 0 23 uJvt cathepsin S at pH 5 f\ and then exposed to
125
1-HA at pH 5 5 for 4 hours

After removal of unbound
125

I-HA, complex formation was assessed by 14% SDS-PAGF under

mildly denaturing (nonboiled, nonreduced, condition:; HA peptide was ;odinated by im.ubation

ofHA (50 uJ of I mM solution) with
,25

I and 50 mM NaPOi (20 ul), pH 7.5 in an iodogen-coated

S0KTnUTESBffTW28)
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glass tube on ice for 1 0 minutes.
l2i
I-HA was separated from free

,25
I by passage over a C 1

8

Sep-pack column, and eluted with acetonitrile. Aliquots of
123
I-HA were dried in a speed-vac and

redissolved in digestion buffer for incubation with cathepsin S treated and nontreated

immunoprecipitates. Following incubation with the peptide, samples were diluted to 0.8 ml with

lysis buffer, pH 7.4, cleared ofLN-2 antibody with protein A-agarose and immunoprecipitated

with Tu36. Samples were washed thoroughly prior to addition of SDS-PAGE sample buffer to

remove unbound peptide.

Digestion of ctpli with cathepsin S and subsequent exposure to
l25
I-HA resulted in the

formation oflabeled ap-peptide complexes, although this conversion was incomplete as

evidenced by the continued presence of SDS-labile class [I molecules. Cathepsin S is thus able to

process li while leaving the class II molecules functionally intact, and shows that cathepsin S is

sufficient, by itself, to effectively degrade li in a manner that renders aP-dimers capable of binding

peptide.

Example 4 : Inhibition ofCathepsin D Does Not Affect li Processing

This example illustrates that neither cathepsin D nor cathepsin H are required for li

processing. Marie et al., Proc. Natl. Acad. Sci 91-2171-2175 (1993), have implicated the

aspartyl protease cathepsin D in an early step of li breakdown. This question was examined by

utilizing a potent aspartyl-class protease inhibitor, CGP 53437 (AJteri et at., Antimic. Ag.

Chemotherap. 37:2087-2092 (1993)) which inhibits cathepsin D in the nanomolar range. CGP

53437 inhibits cathepsin D activity in human monocytes by 75% and 90% at concentrations of 5

MM and 50 uM, respectively. HOM2 cells were labeled with
35
S-methionine/cysteine and chased

for 5 hours without inhibitor, in the presence of 0.5 mM leupeptin, 5 nM LHVS, 5 u,M CGP

53437 or 50 uM CGP 53437 Samples were analyzed by 14% SDS-PAGE under mildly

denaturing conditions. Inhibition of cathepsin D (obtained from Calbiochem-Novabiochem Corp .

San Diego, CA) with CGP 53437 did not result in accumulation of li fragments nor did it produce

a decrease in SDS-stable complexes, suggesting that cathepsin D is not essential for li processing

Cathepsin H, a lysosomal cysteine protease with good aminopeptidase but weak

endopeptidase activity, is upregulated by y-interferon in mouse peritoneal macrophages (Lafuse et

al., J. Leuk. Biol. 57:663-669 (1995)) Purified human cathepsin H (obtained from Calbiochem-

Novabiochem Corp , San Dieijo. C \) vva ; not inhibited will-. LHVS nor did ;t display any

SiBSTITUTESIEETPLEfl)
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proteolytic activity against immunoprecipitated a01i, implying that cathepsin H is not an essential

protease for li degradation.

Example Synthesis ofN-fCarboxvbenTylVLeu-Leu-reu Vinvlsulfon*

This example illustrates the steps in the synthesis ofcarboxybenzyl-Leu-Leu-Leu-

vinylsulfone.

a) Weinreb amide ofBoc-Leucine

A dichloromethane solution of Boc-Leucine-H20 ( 1 equiv.), triethylamine (2 equiv.), and

PyBOP (1 equiv.), was stirred for several minutes at room temperature before HCl-N.O-

dimethylhydroxylamine (2 equiv.) was added dry, aJong with additional triethylamine (2 equiv ).

After stirring overnight, this reaction mix was diluted with dichloromethane, then washed twice

each with 3N HC1, saturated NaHC03 and saturated NaCI The dichloromethane phase was dried

(over MgS04) and roto-evaporated, then the product was purified by silica gel flash column

chromatography (hexane/ethylacetate, 3:1).

b) Boc-Leucinal

The Weinreb amide ofBocLeucine was dissolved in dry Et20 and added by cannula to an

Et20 suspension of an equimolar amount ofLiAlHU at 0°C. After stirring for one hour, the

reaction flask was removed from 0°C and allowed to warm to room temperature. After a reaction

time of 80 minutes, an aqueous solution ofKHS04 , (2 equiv. ofKHS04f 5 ml H20/mmol of

Weinreb amide) was added slowly while stirring. The aqueous phase was extracted with Et20
and the confined Et20 phases were washed with 3N HC1, saturated NaHC03 , and saturated NaCI.

After drying (MgSOO and rotary evaporation, the oil was found to contain one compound by

thin layer chromatography.

c) Phosphonatc Sulfone

To a stirring room temperature dioxane solution of diethyl methylthiomethyl phosphonate

(I equiv.) was added 5 equiv of peracetic acid After stirring for over 3 hours, Pt on carbon was

added to quench unreacted peroxides. The reaction was quenched by the addition ofwater (10

ml/mmol of the phosphonate sulfide) and the product was extracted with ethylacetatc. After

drying (MgS04 ) and roto-evaporation, the phosphonate sulfone was purified by recrystallization

from ethylacetate using a small amount of hexane

d) Doc-Leu-Vinvlsulfone

SKTfTUJEfflET(MHE28)
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To a stirring room temperature tetrahydrofuran solution ofNaH (2 equiv.) under Argon,

was added 2 equiv. ofphosphonate sulfone in tetrahydrofuran, by cannula. After stirring for a

few minutes, 1 equiv. ofBoc-Leucinal in tetrahydrofuran was added by cannula. After 3 hours

the reaction was quenched with water and the aqueous phase was extracted with

dichloromethane. The combined organic phases were back extracted with saturated NaCI, dried

(MgS04), and roto-evaporated to a yellow oil. The product was purified by flash column

chromatography (ethylacetate/hexane, 1 ; 1) to yield an oil after lyophilization.

e) Leu-Vinvisulfone Tosvlate Salt

An Et20 solution of anhydrous p-Tosic acid (3 equiv.) was added to dry oil ofBoc-Leu-

vinylsulfone (1 equiv.) and stirred at room temperature overnight. The product formed a white

precipitate which was recovered by centrifugation.

0 Carboxvbenzvl-Leu-Leucine

To three volumes of a stirring room temperature H20/NaHC03 solution of Leucine (1 .5

equiv.) was added one volume ofdioxane solution of carboxybenzyl-Leu-Osu (1 equiv.), and was

stirred overnight. The product was precipitated by addition of aqueous sodium citrate, and then

was extracted by ethylacetate. The combined ethyiacetate phases were dried (MgS04>) and roto-

evaporated to a clear oil. The product was purified by flash column chromatography

(dicWoromethane/MeOH, 12:1, with 1% TFA).

g) Carboxvbenzvl-Leu-Leu-Leu-Vinvlsulfone

To a stirred tetrahydrofuran solution of carboxybenzyl-Leu-Leucine (1 equiv ), at -I0°C,

under Argon, was added 1 equiv. each of N-methylmorpholine and isobutyl chloroformate. After

a few minutes, a tetrahydrofuran suspension of 1 equiv. each of Leu-vinylsulfone tosylate and N-

methylmorpholine, was added and stirring at -10°C was continued for 75 minutes. The reaction

was quenched by the addition of 3N HCI and the product was extracted with dichloromethane

After flash column chromatography (ethylacetate/hexane, 3 :2) the product was recrystallized from

warm ethanol.

Example fr: Synthesis ofOther Peptide-Based Vinvlsulfones

This example illustrates the steps in the synthesis of peptide vinvlsulfones and modified

peptide vinylsulfones.

(') Asn-Leu-vinvlsulfonc
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This compound is synthesized as described in Example 5 except that in step (g),

asparagine is used instead of carboxybenzyl-Leu-leucine.

(ii) Arg-Met-vinvlsulfone

This compound is synthesized as described in Example 5 except that in step (g), arginine is

5 used instead of carboxybenzyl-Leu-Ieucine, and that in step (a) Boc-L-methionine is used and

converted to Boc-methional as in (b) and used in steps (d) and (e).

(iii) Leu-Arg-Met-vinvlsulfone

This compound is synthesized as described above for compound (ii), except that Leu

arginine is used in step (g).

10 (iv) Glu-Asn-Leu-vinvlsulfone

This compound is synthesized as described above for compound (i), except that Glu-

asparagine is used in step (g).

(v) N-fcarboxvbenzvIVAsn-Leu-vinylsulfone

This compound is synthesized as described above for compound (i), except that

15 carboxybenzyl-protected asparagine is used.

(vi) N-(carboxvbenzvlVArg-Met-vinvlsulfone

This compound is synthesized as described above for compound (ii), except that

carboxybenzyl-protected arginine is used.

(vii) N^carboxvbenzvlVl^u-Arg-Met-vinvlsulfone

20 This compound is synthesized as described above for compound (iii), except that

carboxybenzyl-protected Leu arginine is used.

(viii) N-(carboxybenzvlVGlu-Asn-Leu-vinvlsulfone

This compound is synthesized as described above for compound (iv), except that

carboxybenzyl-protected Glu-asparagine is used.

25 (ix) N-(nitrophenylacetyl)-Asn-Leu-vinvlsulfone

This compound is synthesized as described above for compound (v), except that

nitrophenylacetyl-protected asparagine is used

(x) N-fnitrophenvlacetvl)-Arp-Met-vinvlsulfone

This compound is synthesized as described above for compound (vi), except that

30 nitrophenylacetyl-protected arginine. is used.

(xi) N-(nitrophenylacetvn-Leu-Aru-Met-vinvlsulfone

SftgmOTEK(H&E28)
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This compound is synthesized as described above for compound (vii), except that

nitrophenylacetyl-protected Leu-arginine is used.

(xii) N-(nitrophenyIaceryn-Glu-Asn-Leu-vinvlsulfone

This compound is synthesized as described above for compound (viii), except that

s nitrophenytacetyl-protected Gtu-asparagine is used,

Example 7 : Inhibition ofCathepsin S Alters Immune Response

This example illustrates that inhibition of cathepsin S altered the immune response to

tetanus toxoid. Peripheral blood mononuclear cells (PBMC's) were isolated from a tetanus

immune individual and cultured in the presence of tetanus toxoid (250 ng/cc), cysteine-class

10 protease inhibitor E64D (20 jiM) (obtained from Sigma Chemical Co., St. Louis, MO) and

specific cathepsin S inhibitor LHVS (morpholinurea-leucine-homophenylalanine-vinylsulfone

phenyl) (10-20 nM) obtained fromKhepri Pharmaceuticals, Inc., South San Francisco, CA) for 3-

5 days. T cell proliferation was assayed by
3
H-thyrnidine uptake during the final 1 8 hours of

culture. In the presence of tetanus toxoid (obtained from Sigma Chemical Co., St. Louis, MO),

15
3
H-thymidine uptake increased more than four-fold. Both E64D and LHVS attenuated this

response by approximately 60%. Thus, specific inhibition of cathepsin S modulated an immune

response. The fact that the attenuation ofT cell stimulation was of the same magnitude as that

produced by complete inhibition of all cysteine proteases supports the conclusion that cathepsin S

is the major cysteine protease involved in invariant chain processing and subsequent antigen

20 presentation.

Example 8 : Specific Invariant Chain Cleavage Sites for Cathepsin S

This example illustrates the specific cleavage sites for cathepsin S at the N-terminus of

CLIP. HOM2 cells (Benaroch et al., EMBOJ 14:37-49 (1995)) were pulse/chased with 5 mCi

35
S-methionine for 5 hours in the presence of 20 mM E64D, lysed, and class II MHC molecules

25 immunoprecipitated with mAb Tu36 The immunoprecipitates were digested with 0.23

cathepsin S for 60 minutes at 37°C, pH 5 5 Class II MHC molecules were repelleted. analyzed on

a 1 0-20% tricine gel and transferred xo nylon membrane. A radioactive band migrating at 3 kDa

was excised from the membrane and subjected to radiosequencing. A high level of count:; was

found in the first cycle corresponding to the methionine at invariant chain residue 79 A smaller

30 increase in counts w as also evident at cycle 1 1 indicating that a proportion of the peptide:, present

had an N-terminus at the leucine residue 81 . Thus, bipeptide and tripcptide-vinylsulfones
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spanning these cleavage sites are excellent candidates for inhibition of cathepsin S-mediated

invariant chain processing in vivo .

Example 9: Treating Multiple Sclerosis with Leu-Are-Met-Vinvlsulfone

This example illustrates a method for treating multiple sclerosis in a human with a peptide-

based vinylsulfone which inhibits proteolysis of the invariant chain by cathepsin S. The patient is

given Leu-Arg-Met-vinylsulfone by injection intravenously, once a day. The dose is 500 mg/70

kg body weight. This treatment alleviates the effects of multiple sclerosis in the patient.

Example 10: Treating Pemphigus Vulgaris with N-fCaifroxvbenzvn-Arg-Met-

Yjnylsulfone

This example illustrates a method for treating pemphigus vulgaris in a human with a

peptide-based vinylsulfone which inhibits proteolysis of the invariant chain by cathepsin S.

N-(carboxybenzyl)-Arg-Met-vinylsulfone is topically applied in the form of an ointment to the

lesions resulting from the disease. The dose is 50 mg/gm of ointment and is applied daily to the

affected area. This treatment alleviates the effects of pemphigus vulgaris in the patient.

Those skilled in the art will be able to ascertain, using no more than routine

experimentation, many equivalents of the specific embodiments of the invention described herein.

These and all other equivalents are intended to be encompassed by the following claims.

SOTOTEfflEETfROLEH)
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What is claimed is:

CLAIMS

1 . A method for suppressing a class II MHC-restricted immune response in a

mammal, comprising

administering to said mammal an effective amount ofan agent which inhibits cathepsin S,

said amount of said agent inhibiting proteolysis of invariant chain by cathepsin S and thereby

inhibiting formation of class II/antigenic peptide complexes from class II MHC/invariant chain

complexes in said mammal.

2. A method as in claim 1 wherein

said mammal is at risk of, or afflicted with, an autoimmune disease; and

said agent is administered in an amount effective to suppress an autoimmune response.

3 . A method as in claim 2 wherein

said autoimmune disease is selected from the group consisting ofjuvenile-onset diabetes

(insulin dependent), multiple sclerosis, pemphigus vulgaris, Grave's disease, myasthenia gravis,

systemic lupus erythematosus, rheumatoid arthritis and Hashimoto's thyroiditis.

4. A method as in claim 1 wherein

said mammal is at risk o£ or afflicted with, an allergic response; and

said agent is administered in an amount effective to suppress an allergic response.

5. A method as in claim 4 wherein said allergic response is an asthmatic response.

6. A method as in claim I wherein

said mammal has undergone, or is about to undergo, an organ or tissue graft; and

said agent is administered in an amount effective to suppress an allogeneic immune

response.

7 A method for inhibiting invariant chain proteolysis from class 11 MHC/invariant

chain complexes in a mammalian jell, comprising.

administering to said cell an agent which inhibits cathepsin S

8. A method for reducing the competency of class II MHC molecules for binding

antigenic peptides in a mammaliar cell compr ising
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administering to said cell an agent which inhibits cathepsin S, said agent inhibiting

invariant chain proteolysis from class II MHC/invariant chain complexes to reduce the

competency of class II MHC molecules for binding antigenic peptides in said cell.

9. A method for reducing presentation of antigenic peptide by class II MHC

molecules in a mammalian cell, comprising:

adininistering to said cell an agent which inhibits cathepsin S, said agent inhibiting

invariant chain proteolysis from class II MHC/invariant chain complexes to reduce presentation of

antigenic peptide by class II MHC molecules in said mammal.

10. A method as in any one of claims 7-9 wherein

said mammalian cell is disposed in a mammal in vivo.

11. A method as in any one of claims 7-9 wherein

said mammalian cell is disposed in vitro .

12. A method as in any one of claims 1-9 wherein

said agent is a cysteine protease inhibitor.

13. A method as in any one of claims 1 -9 wherein

said agent is a selective inhibitor of cathepsin S relative to a cysteine protease

selected from the group consisting of cathepsins K, L, H, 02 and B.

14. A method as in any one of claims 1 -9 wherein

said agent is a specific inhibitor of cathepsin S.

15. A method as in any one of claims 1 -9 wherein said agent is a peptide-based

inhibitor of cathepsin S.

16. A method as in claim 1 5 wherein said peptide-based inhibitor of cathepsin S is

based upon a peptide sequence which comprises 2-20 consecutive residues of a preferred

invariant chain cleavage site of cathepsin S

! 7 A method as in claim 1 5 wherein

said peptide sequence is selected from the group consisting of Asn-Leu,

Glu-Asn-Leu, Arg-Met, Leu-Arg-Mel
:
Leu-Leu-Leu, and Lcu-Hph

mmtmmiisi
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1 1 8 A method as in claim 1 5 wherein

2 Said peptide-based inhibitor is morpholinurea-leucine-homophenylaianine-

3 vinylsulfone phenyl (LHVS).

1 1 9. A method as in claim 1 5 or 1 6 wherein said peptide-based inhibitor is a peptide-

2 based vinylsulfone or a modified peptide-based vinylsulfone.

1 20. A method as in claim 15 or 16 wherein said peptide-based inhibitor is selected

2 from the group consisting of peptidyl aldehydes, nitrites, a-ketocarbonyis, halomethyl ketones,

3 diazomethyl ketones, (acyloxy)-methyl ketones, vinyl sulfones, ketomethylsulfonium salts,

4 epoxides, and N-peptidyl-O-acyl-hydroxylamines.

1 21. The method as in claim 1 5 or 16 wherein said agent is selected from the group

2 consisting of Asn-Leu-vinylsulfone, Arg-Met-vinylsulfone, Leu-Arg-Met-vinylsulfone, Glu-Asn-

3 Leu-vinylsulfone, and Leu-Leu-Leu-vinylsulfone.

1 22. The method ofclaim 1 5 or 1 6 wherein said agent is selected from the group

2 consisting ofN-(carboxybenzyl) -Asn-Leu-vinylsulfone, N-(carboxybenzyl) -Arg-Met-

3 vinylsulfone, N-(carboxybenzyl) -Leu-Arg-Met-vinylsulfbne, N-(carboxybenzyl) -Glu-Asn-Leu-

4 vinylsulfone, and N-(carboxybenzyl) -Leu-Leu-Leu-vinylsulfone,

1 23 The method of claim 15 or 16 wherein said agent is selected from the group

2 consisting of N-(nitrophenylacetyl) -Asn-Leu-vinylsulfone, N-(nitrophenylacetyl) -Arg-Met-

3 vinylsulfone, N-(nitrophenylacetyl) -Leu-Arg-Met-vinylsulfone, N-(nitrophenylacetyl) -Glu-Asn-

4 Leu-vinylsulfone, and N-(nitrophenylacetyl) -Leu-Leu-Leu-vinylsulfone.

1 24. An inhibitor of cathepsin S comprising

2 a peptide-based inhibitor of cathepsin S,

3 wherein said peptide-based inhibitor of cathepsin S is based upon a peptide

4 sequence which comprises at least about 2-20 consecutive residues from a preferred invariant

5 chain cleavage site of cathepsin S

1 25 An inhibitor as in claim 24 wherein

2 said peptide sequence is selected from the group consisting of Asn-Leu,

'* Glu-Asn-Leu. Arg -Met, Leu-Ara-Met, Leu-Leu-Leu, and Leu-Hph.

1 26. An inhibitor as in claim 24 wherein said peptide-based inhibitor is a peptide-based

2 vinylsulfone or a modified peptide-based vinylsulfone.
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1 27. An inhibitor as in claim 24 wherein said peptide-based inhibitor is selected from the

2 group consisting of peptidyl aldehydes, nitriles, a-ketocarbonyIs
t halomethyl ketones, diazomethyl

3 ketones, (acyloxy)-methyl ketones, vinyl sulfones, ketomethylsulfonium salts, epoxides, and N-

4 peptidyl-O-acyl-hydroxylamines.

1 28. An inhibitor as in claim 24 wherein said inhibitor is selected from the group

2 consisting of Asn-Leu-vinylsulfone, Arg-Met-vinylsulfone, Leu-Arg-Met-vinylsulfone, Glu-Asn-

3 Leu-vinylsulfone, and Leu-Leu-Leu-vinylsulfone.

1 29. An inhibitor as in claim 24 wherein said inhibitor is selected from the group

2 consisting ofN-(carboxybenzyl) -Asn-Leu-vinyisulfone, N-(carboxybenzyl) -Arg-Met-

3 vinylsulfone, N-(carboxybenzyl) -Leu-Arg-Met-vinylsulfone, N-(carboxybenzyl) -Glu-Asn-Leu-

4 vinylsulfone, and N-(carboxybenzyi) -Leu-Leu-Leu-vinylsulfone.

1 30. An inhibitor as in claim 24 wherein said inhibitor is selected from the group

2 consisting ofN-(nhrophenylacetyl) -Asn-Leu-vinylsuIfone, N-(nitrophenylacetyl) -Arg-Met-

3 vinylsulfone, N-(nitrophenylacety]) -Leu-Arg-Met-vinylsulfone, N-(nitrophenylacetyI) -Glu-Asn-

4 Leu-vinylsulfone, and N-(nitrophenylacetyl) -Leu-Leu-Leu-vinylsulfone.

1 31. An inhibitor as in any one of claims 24-30 wherein said inhibitor is formulated as a

2 pharmaceutical or therapeutic preparation suitable for administration to mammalian cells in vivo

3 or in vitro .

1 32. The use of an inhibitor as in any one of claims 24-3 1 in the manufacture of a

2 medicament for use according to the methods of any one of claims 1-11.
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